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(54) Name of Invention: Method of Manufacturing Semi- 
conductor Device 
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Specifications 



1. Name of Invention: Method of Manufacturing Semicon- 
ductor Device 



2 . Scope of Patent Application 

(1) A method of manufacturing a semiconductor device 
prepared by 

• a process to form an interlayer dielectric film on one, 
two or more layers consisting of a BPSG film or a PSG 
film in which at least the topmost layer laminates on the 
wiring having an organic compound as the raw material, 

• a process to open a contact hole through the above-noted 
interlayer dielectric film and 

• a process to selectively deposit a metal within the 
above-noted contact hole.* 

(2) A method of manufacturing the semiconductor device 
described in scope of patent Application Item 1, which is 
characterized by the above-noted wiring including aluminum 
or an aluminum alloy. 

3 . Detailed Explanation of Invention 

Field for Commercial Utilization: This invention is one 
bearing on a method of manufacturing high-density, high- 
capacity semiconductor integrated circuits having minute 
contact holes and multi-layered wiring. 

Usual Technology: In the past, one technique of multi- 
layered wiring has been a method that includes selectively 
embedding tungsten in the contact hole by CVD. That method 
will be explained below using Figure 3. In Figure 3(a), 
aluminum wiring is formed on semiconductor substrate 10. 
In Figure 3(b) non-doped silicon dioxide has been laminated 
as the interlayer dielectric film on aluminum wiring 1 at a 
low heat such as 400EC, and dielectric film 6 was laminated 
using TEOS of good coverage. In Figure 3(c), flattening 
has been done in the same apparatus in combination with 
etch- back and then using resist etch-back. In Figure 3(d) 
contact hole 8 is opened through interlayer dielectric film 
6. In Figure 3(e) tungsten 4 is selectively embedded by CVD 
in above- noted contact hole 8 . 

Problems the Invention Seeks to Resolve: It is known that 
the selectivity of selective CVD tungsten deposition 



depends greatly on the kind of dielectric film in which the 
contact hole is opened and on the deposition method. When 
the inventors actually did selective deposition of 
tungsten, we found that many CVD tungsten granules 7 were 
selectively 

* [Bullets added by translator to aid reading of this long sentence.] 

deposited on interlayer dielectric film 6 outside of contact 
hole 8 (Figure 3[e]). Using a scanning electron 
microscope, we observed tungsten particles 7 non- 
selectively deposited on dielectric film 6 that used a TEOS 
(Figure 4) . As these tungsten particles 7 deposited on 
interlayer dielectric film 6 become dust, they must be 
removed. That requires that the tungsten 4 not be 
deposited on interlayer dielectric film 6 but be deposited 
with good selectivity only within contact hole 8. 

Now, normal SiH 4 BPSG and PSG films with good selectivity 
must flow at 900EC or more to embed in minute spaces. Yet, 
interlayer dielectric films are formed with good coverage 
at temperatures low enough that they do not affect 
underlying layers, such as the aluminum wiring and need to 
have the flattening done readily. 

This invention was devised in light of the above-described 
problem and so has the aim of providing a method of manu- 
facturing semiconductor devices that can deposit metals 
with good selectivity only within contact holes, form 
interlayer dielectric films at low temperatures and embed 
in tiny spaces. 

Means to Resolve the Problem: Resolving the above- 
described issue, this invention is a method of manufactur- 
ing semiconductor devices characterized by forming on the 
wiring one, two or more layers of interlayer dielectric 
films made of BPSG film or PSG film in which at least the 
uppermost layer has organic material as its raw material, 
opening a contact hole through this interlayer dielectric 
film and selectively depositing metal within the above- 
noted contact hole. 

Effects: From the above-noted method, this invention can 
cause metal alone to deposit with good selectivity within 
contact holes. With the interlayer dielectric film having 
good coverage at low temperatures, it also can do embedding 
in minute spaces and can be readily flattened at low 



temperatures . 



Application Examples 

(Application Example 1) : Figure 1 is cross-sectional 
process figures illustrating this invention' s manufacturing 
process for semiconductor devices. Below, we will explain 
Application Example 1, using Figure 1. 

In Figure 1(a), one forms polySi wiring 1 on semiconductor 
substrate 10. In Figure 1(b), one laminates non-doped Si0 2 

film 2 on polySi wiring 1 to prevent impurities from 
getting into polySi 1. And, one uses an organic compound 
(TEOS, TMB or TMP) to laminate BPSG film 3 on that. After 
that one flattens BPSG film 3 by flowing it. In Figure 
1(d), one opens contact hole 8 and selectively embeds 
tungsten 4 . 

In this way, by using organic-compound BPSG film 3 as the 
interlayer dielectric film in this application example, one 
can deposit tungsten 4 only within contact hole 8 with good 
selectivity. Also, organic compound BPSG film 3 has the 
advantages of better coverage than SiH 4 type BPSG film and a 

laminating temperature and flow temperature that are low 
(possible even at 400EC) . 

Application Example 2: Figure 2 is cross-sectional process 
diagrams showing this invention's method of manufacturing 
semiconductor devices in application example 1 {sic] . 

In Figure 2(a), one forms aluminum alloy wiring 5 on semi- 
conductor substrate 10. In Figure 2(b), one uses an 
organic compound (TEOS, TMB or TMP) to laminate BPSG film 
3. In Figure 2(c), one does etch-back of BPSG film 3 with 
the same device, resist etch-back or flow to do the 
flattening. Or else, depending on the laminating 
conditions, the flow con- ditions may be right for flow 
right after lamination so that a fresh flattening process 
may not be needed in such case. In Figure 2(d), one opens 
contact hole 8. In Figure 2(e), one selectively embeds 
tungsten 4 inside contact hole 8. If organic-compound BPSG 
film is used, one can embed it in minute spaces with good 
coverage; and in combination with etch-back or the like one 
can embed it in even more minute spaces. So, one can embed 
tungsten with good selectivity. 

In application examples 1 and 2, we used organic-compound 



A 



BPSG film for the interlayer dielectric film, but the same 
effects would obtain also by using organic-compound PSG 
film. 

Effectiveness of Invention: As discussed above, with the 
simple methods of this invention one can embed metals with 
good selectivity in minute contact holes. So, it is quite 
effective in improving the reliability of resistance to 
electro-migration, etc. Also, BPSG film with an organic 
compound as its raw material can laminate and flow at low 
temperatures and embed in minute spaces with good coverage. 
In combination with etch-back it can be embedded in even 
more minute spaces. So, high-density, high capacity 
semiconductor integrated circuits become possible. 

4. Simple Explanation of Figures: Figure 1 is cross- 
sectional process diagrams of this invention's method of 
manufacturing semiconductor devices in application example 
1. Figure 2 is cross-sectional process diagrams of this 
invention' s method of manufacturing semiconductor devices 
in application example 2. Figure 3 is cross-sectional 
process diagrams illustrating the usual method for 
embedding tungsten selectively in contact holes. Figure 4 
is an oblique view of tungsten particles non-selectively 
deposited on dielectric film that used TEOS, obtained by 
scanning electron microscope observations. 

[Keying symbols] 

1 ... polySi wiring 

2 ... Non-doped Si0 2 

3 ... BPSG film laminated using an organic compound 
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